ALPs (Axion Like Particle) beyond the standard model are solutions to several important problems of modern physics. One way to detect these particles is to detect the new interactions they meditate. Many experiments have been performed to search for these new interactions in ranges from ∼ µm to astrophysical range. At present, nearly all known experiments searching for the ALP-meditated long range new interactions use sources or probes containing protons, neutrons and electrons. Constraints for other fermions such as muons are scarce, though muons might be the most suspicious particles which could take part in new interactions, considering their involvement of several well known puzzles of modern physics. In this work, we discuss the possibility of explaining the anomalous magnetic moment of muons by the long range muonic new interactions mediated by ALPs. We also give a constraint for the scalar-pseudo-scalar(SP) type interaction meditated by muonic ALPs. We propose to further search the muonic SP type interaction by muon spin rotation experiments.
Introduction
Suggested solutions for several important problems of modern physics have led to new interactions meditated by new particles. Among the proposed new particles, Axions, or ALPs(Axion Like Particles) are particularly interesting. The new particles are supposed to be light and only couple very weakly to the ordinary matter. On one hand, axions are possible candidates for the dark matter which remains to be one of the most important unsolved problems in both particle physics and astrophysics [1, 2] . On the other hand, axions have attracted a lot of attention in high energy physics since they probably provide the most promising solution to preserve the CPsymmetry in strong interactions [3] . In fact, the axion was originally introduced to solve the strong CP problem in QCD in which new bosons emerge as a consequence of the spontaneous breaking of Pecci-Quinn symmetry [4] [5] [6] [7] . It is very difficult to search for Axions or ALPs in laboratory and they have eluded detection so far. Since macroscopic interactions can be meditated by the new light bosons, a possible method to search for them is to probe the boson field generated by a macroscopic body. Recently, various experiments have been performed or proposed to search for new interactions involved with the coupling to spins of neutrons/electrons [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] .
The ALPs, if exist, might induce interactions between fermions via the coupling [5] :
There could be monopole-monopole, dipole-dipole and monopole-dipole interactions, originated from the SS (Scalar-Scalar), PP (Pseudo-scalar-Pseudo-scalar) and SP (Scalar-Pseudo-scalar) coupling, respectively. The SP interaction or the monopole-dipole interaction has attracted much scientific interest recently. The interaction between polarized and unpolarized fermions can be expressed as [5, 21] :
where λ = /m φ c is the interaction range, m φ the mass of the new scalar boson, s = σ/2 the spin of the polarized electron, m the fermion mass and r the distance between interacting particles. For an unpolarized mass-source as a plane plate, due to the new interaction, the polarized fermions could experience a pseudo-magnetic field as [15] :
where ∆y > 0 is the distance between the probe and the sample surface,ŷ the sample surface normal vector, d the sample thickness, ρ the fermion number density of the sample, and γ the gyromagnetic ratio of the probing particle. According to Eqn.(3), the exponential factor e − ∆y λ determines the shortest detection range of the interactions, since practically the source thickness is usually not a problem. To detect the new interaction in ranges around ∼ µm, either the source or the probe particle has to be spin polarized, and they have to be close enough.
At present, usually a mass-source containing nuclei, electrons is used for detecting the new interactions. Polarized neutrons or electrons are used as probe to detect the new spin dependent interactions. Polarized neutrons or electrons are used as probes to detect the new spin-dependent interactions. However, studies of the long-range new interactions meditated by ALPs for other fermions are scarce. Muons are probably the most suspicious fermions which new interactions might involve with. The charge radius puzzles of the muonic hydrogen [22] and deuteron [23] nucleus are well known examples. Parity-violating muonic forces meditated by new massive gauge bosons of MeV∼GeV have been proposed to solve the proton charge radius puzzle [24, 25] .
To our best knowledge, no studies have been conducted for searching ALP-meditated long range muonic interactions yet. In this work, we show that the anomalous magnetic moment of the muon could be explained by introducing the new muonic interactions meditated by light ALPs. Furthermore, by using the muon's EDM (Electric Dipole Moment), we could establish constraints of the parity-violating monopole-dipole interaction mediated by ALPs for muons.
THE ANOMALOUS MAGNETIC MOMENT AND EDM INDUCED BY NEW INTERACTIONS
The leading order contribution to the electromagnetic vertex from the new interactions is shown in Fig.1 . The new boson line could induce SS, PP and SP type vertexes.
The electromagnetic vertex correction contributed by new interactions.
The new interactions, if exist, would not only change the anomalous magnetic moment of the fundamental fermion, but also induce the EDM which can be measured for many particles [1] . According to Refs. [26, 27] , the general formula corresponding to the Feynman diagram shown in Fig.1 can be expressed as:
where q = p ′ − p. Here eF 1 (0) gives the renormalized charge, and the F 4 term is the possible axial current induced by the new interactions which may not necessarily preserve the parity. These two terms are irrelevant in this work. eF 2 (0)/2m is the anomalous magnetic moment, and -eF 3 (0)/2m gives the EDM.
Using the well known Gordon decomposition formula and techniques presented in Ref. [28] , one can derive the anomalous magnetic moment induced by the SS or PP interactions. If the new boson only meditates the SS interaction , we find that [29] 
where S(x) is defined as 
where P (x) is defined as
EDM can be induced by the possible new interactions. In this case, to perform the necessary calculations, instead of the Gordon decomposition formula the following identity can be applied
Implementing similar techniques as before, for the SP type new interaction, we obtain [29]
where
APPLICATIONS TO THE MUON AND ELECTRON
There is a ∼3.7σ [1, 30, 45] difference between the experimental measurement and the theoretical prediction from the Standard Model for the anomalous magnetic moment a µ of the muon. According to Ref. [31] , this difference is explicitly given by
where a exp µ is the experimental measured value and a Fig.2 and 3 . Plugging in the best known muon EDM [32] , We also apply this method to the electron for comparisons. Theoretically, the anomalous magnetic moment and EDM of the electron can be predicted by the Standard Model [33] [34] [35] . Combined with the best known experimental measurement given in Ref. [36] , the possible contributions due to new physics beyond the standard model are found to be:
Subsequently, corresponding constraints for electrons can be established, shown by the (red) dashed lines in Figs.2, 3 and 4. One can see that this method could work for the ranges from ∼nm to µm. It gives a constraint ∼3 orders more stringent than a recent experimental work [38] at µm ranges. At long interaction ranges(m φ <∼keV), using data from atomic and molecular EDM experiments [40] , Ref. [39] gives a constraint [9] , and the (black) short-dashed line is the result from Ref. [38] .
on g e S g e P ∼3 times more stringent than the result presented Fig.4 . At short ranges(m φ >∼MeV), the loop induced EDM dominates thus the method presented in this work might work better [41] . We emphasize here that we applied the method to electron mainly for comparison purpose, and muons are the main target for this work. Since the mass-sources used experimentally usually contain protons, neutrons and electrons, it is not easy to obtain the pure constraints for interactions only between electrons. Many present experiments actually gave constraints for (g 
CONCLUSION AND DISCUSSION
The 3.7σ difference between the theoretical prediction and the experimental measurement of the anomalous magnetic moment of muons, can be explained by the long-range new interactions mediated by ALPs. The long-range muonic new interaction could be either Monopole-Monopole (originated from the SS coupling) or Dipole-Dipole type (originated from the PP coupling), as shown in Fig.2 and 3 respectively. We also constrain the Monopole-Dipole type interaction (originated from the SP) for muons, as shown in Fig.4 .
Previously, many experiments and studies have been performed for searching ALP-mediated new interactions associated with electrons, protons and neutrons only. Although short-range muonic forces have been proposed to solve the proton radius puzzle, studies considering the long-range muonic interactions mediated by ALPs have not been conducted yet, according to our best knowledge. The charge radius puzzles of the muonic hydrogen and deuteron, and the anomalous magnetic moment of muons suggest that there might be new physics or new interactions related to muons.
It would be fascinating to include muons into the searching business for the long-range new interactions mediated by ALPs. Low energy muon beams with 100% polarization are frequently used in condensed matter physics [44] and fundamental physics [45] . If a nonmagnetic mass-source can be put in the region close to muon beams, using the scheme as suggested in Ref. [15] , constraints on (g e S + g P S + g N S )g µ P at long distance can be obtained by measuring changes of the muon polarization. Furthermore, if polarized electron spin-density sources, as the µ-metal shielded SmCo 5 [18, 46] , are used in experiments, then constraints on g e P g µ P can be established. It is not hard to imagine that the muonic new interactions mediated by light vector particles can also be searched for using experimental schemes as in Ref. [15] .
Using the same method, we can also give constraints of g e S g e S , g e P g e P and g e S g e P for electrons. This method works at small distances from ∼nm to ∼ µm. Moreover, it can give pure constraints only between the electrons, while many other methods cannot easily isolate the contributions from other fermions like protons or neutrons. Our results for the electron are consistent with zero. This fact indicates the muon might be a more interesting target for these new interactions.
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